The Galactic Center is the nuclear region of the nearest spiral galaxy, Milky Way, and contains the supermassive black hole with M ∼ 4 × 10 6 M , Sagittarius A * (Sgr A * ).
INTRODUCTION
The Galactic Center is the nuclear region of the nearest spiral galaxy, Milky Way, and harbors the Galactic Center black hole, Sagittarius A * (Sgr A * )(M ∼ 4 × 10 6 M ; e.g. Ghez et al. 2008; Gillessen et al. 2009; Schödel, Merritt,& Eckart 2009; Boehle et al. 2016) . Its environment is unique in the galaxy, in which the region contains several peculiar objects. One of basic questions about the Galactic Center is whether Sgr A * alone exists as a "massive" black hole ( 10 4 M ) in the region or not.
The IRS13E complex is a very intriguing IR object in the vicinity of Sgr A * , which has been identified in the early days of the Galactic Center observations. It is located approximately 3.5 southwest of Sgr A * in projection (r = 0.13 pc) (e.g. Genzel et al. 1996; Maillard et al. 2004 ). The center position of the complex corresponds to the west edge of the Minicavity, which is a hook-like substructure of the Galactic Center Minispiral (GCMS) ( e.g. Lacy et al. 1980; Ekers et al. 1983; Lo& Claussen 1983) . The IR observations at the time suggested that the IRS 13E complex contains several massive stars including Wolf-Rayet (WR) and O stars in a diameter of about 0.5 , which have the common direction and similar amplitude of the proper motions (westward proper motion with V mean ∼ 280 km −1 )(e.g. Maillard et al. 2004 ). This fact indicates that the main members of the complex are physically bound although the complex should be disrupted by the strong tidal force of Sgr A * (e.g. Gerhard 2001) . One possible speculation was that a dark mass like an intermediate mass black hole (IMBH) in the complex may prevent its tidal disruption (e.g. Maillard et al. 2004 ).
The mass of the IMBH was estimated to be 10 4 M from the proper motions of the member stars (e.g. Maillard et al. 2004; Schödel et al. 2005 ; Paumard et al. 2006 ). However, some objections to the existence of the IMBH emerged from new observations and enviromental evidence (e.g. Schödel et al. 2005; Fritz et al. 2010 ). Especially, a recent IR spectroscopic observation indicates that most stars previously detected in the central area of the IRS 13E complex are not massive stars but ionized gas blobs although a few massive stars are certainly identified in the outer area (Fritz et al. 2010 ).
We consider that the existence of the IMBH in the IRS13E complex is still an open question. If the IMBH exists, Atacama Large Millimeter/Submillimetr Array (ALMA) can detect the ionized gas accreting onto the IMBH in the IRS13E complex. The accreting ionized gas is expected to have a very large velocity width and a very compact size. We searched such ionized gas with ALMA in order to prove the IMBH hypothesis. Throughout this paper, we adopt 8.0 kpc as the distance to the Galactic center (e.g. Ghez et al. 2008; Gillessen et al. 2009; Schödel, Merritt,& Eckart 2009; Boehle et al. 2016) ; 1 corresponds to 0.04 pc at the distance.
OBSERVATION AND DATA REDUCTION
We performed the following observation and analysis. The calibration and imaging of both the data were done by Common Astronomy Software Applications (CASA) (McMullin et al. 2007 ).
340 GHz continuum
We observed the continuum emission of Sgr A * and the GCMS at 340 • 00 28. 20. J1717-3342 was used as a phase calibrator. The flux density scale was determined using Titan and J1733-1304. We used the self-calibration method in CASA to improve the dynamic range of the map. The angular resolutions using "natural weighting" and "uniform 5 weighting" are 0. 14 × 0. 13, P A = 82.5
• and 0. 101 × 0. 090, P A = 3.8
• , respectively. The sensitivities are 1σ = 0.10 and 0.18 mJy beam −1 in the emission-free areas, respectively. The dynamic ranges are ∼ 28000 and ∼ 16000, respectively. They are several times worse than the expected values by the ALMA sensitivity calculator. We will present the improvement of the analysis and the full results in another paper (Tsuboi et al. 2017b ).
H30α recombination line
We analyzed the DDT observation toward the Galactic Center with ALMA, which was released Titan and J1733-1304. Before spectral line imaging, the continuum emissions of Sgr A * and the GCMS were subtracted from the data using CASA task, mstransform (fitorder=1) for each day of the observations. Imaging for the combined data for the two-day observations was done using CASA 5.0 with tclean task to use a new auto-boxing capability. We used the multi-threshold autoboxing algorithm ( usemask='auto-multithresh' ) to automatically identify the emission regions to be CLEANed using threshold based on rms noise and sidelobe level and update as the deconvolution iterations progress 1 . For the weighting scheme, Briggs weighting with a robust parameter of 0.5 was used. As a result, we obtained an H30α recombination line data cube with high angular resolution (0. 41×0. 30, P A = −77 • ) and high sensitivity (0.2 mJy beam −1 at a line-free channel). The sensitivity 6 is close to the expected one by the ALMA sensitivity calculator.
3. RESULTS Figure 1 shows the continuum map at 340 GHz (upper panel) and the integrated intensity map of the H30α recombination line with the integrated velocity range from -400 km s −1 to +400 km s
in V LSR (lower panel). They are the finding charts of the structures in the GCMS (Cf. Tsuboi et al. 2016) . Although the flux density of Sgr A * was S ν = 2.8 Jy at 340 GHz, Sgr A * itself was not detected in the recombination line. The IRS13E complex is the most prominent both in the maps.
We concentrate on the IRS13E complex in this paper although we detected several fascinating objects in these maps, for example Magnetar PSR J1745-2900 (e.g. Eatough et al. 2013 ) in the vicinity of Sgr A * , which is labeled "Magnetar" in the upper panel. Figure 2 shows the close-up continuum map of the IRS13E complex at 340 GHz. The IRS13E complex is resolved into a group of compact objects in the map. Most of these are the IR identified objects (e.g. Maillard et al. 2004; Schödel et al. 2005; Paumard et al. 2006) including IRS 13E3
which is a main member of the IRS13E complex but an ionized gas blob as noted in Introduction (Fritz et al. 2010) . The positions and angular sizes of these objects are estimated by the twodimensional Gaussian fit of CASA (see Table 1 suggests that the emission from IRS13E3 is an optically thin free-free emission and the sign of dust thermal emission is not clear. The derived parameters of the IR objects are also summarized in table in Figure 1 -lower panel). The velocity width of the channel maps is ∆v = 50 km s −1 . Figure 4a shows the integrated intensity map of the H30α recombination line with the integrated velocity range of V LSR = −400 to +400 km s −1 . These maps also show the 340 GHz continuum emission as the contours. The ionized gas seen in the panels with V c,LSR ∼ −340 to +260 km s −1 seems to be along a continuum north-south ridge including the IRS13E complex. Figure 4b Figure   1 ), which is far from the ionized gas associating with the IRS13E complex. Therefore, there is no connection with the EA and the ionized gas. The ionized gas is independent from the EA. On the other hand, the relation between the ionized gas and the Northern Arm (NA) is complicated. The tip of the NA crosses the ionized gas around 2" south of IRS13E as shown in Figure 4a (yellow arrows, see also the panels with V c,LSR ∼ −290 to −190 km s −1 of Figure 3 ). Although the tip of the NA is partially blended with the ionized gas, this is barely identified in the position velocity diagram of Figure 4c (yellow arrow). The ionized gas would be independent from the NA.
4. DISCUSSION
Compactness of the Ionized Gas toward IRS13E3
The angular source size of the ionized gas toward IRS13E3 is derived to be θ maj.obs. ×θ min.obs. = 0. 41± 0. 03×0. 31±0. 02, P A ∼ 127
• by the two-dimensional Gaussian fit to the total integrated velocity map (see Figure 1- Because IRS13E3 is emitting the 340 GHz continuum through thin free-free emission mechanism 14 as mentioned above, IRS13E3 is emitting the H30α recombination line simultaneously. The area emitting the recombination line should be identical to IRS13E3 itself shown in the continuum map (see Figure 2) . The size of the ionized gas would be θ maj.obs. × θ min.obs. = 0. 102 × 0. 090, P A ∼ 27 • or r maj × r min.obs. = 0.0020 pc ×0.0018 pc (400 AU ×350 AU). Although our estimated radius, r, is an upper limit, this radius is considered to be close to the real radius because the continuum observation of IRS13E3 with JVLA at 34 GHz shows a similar source size; 0. 08 × 0. 04 (Yusef-Zadeh et al. 2014 ).
The compactness and large velocity width suggest the presence of an IMBH in the IRS13E complex.
Keplerian Orbit with High Eccentricity around IRS13E3?
There is a bright ridge connecting IRS13E3 with the extended component around ∼ 2 south of IRS13E3 in Figure 4a . This corresponds to the curved ridge from V LSR ∼ −300 to +250 km s . In addition, the velocity shift between these components is ∆v ∼ −100 km s −1 which is less than the velocity difference between the H30α and He30α recombination lines, ∆v ∼ −122 km s −1 , as mentioned previously. Therefore, the weak component would be a part of the Keplerian orbit with a high eccentricity around IRS13E3.
An example of the orbits describing well the observed features is shown in the position velocity diagram (see the black broken line in Figure 4b ). Note that it is difficult to determine exclusively the accurate orbital parameters by fitting in the position velocity diagram because the full orbit is not completely occupied by ionized gas and/or the observed features are not always belong to a single orbit. The apoastron of the orbit would be located in the bright extended ionized gas component seen ∼ 2 south of the IRS13E complex in projection. The angle between the direction of the semimajor axis and the line of sight is P A ∼ 60
• . The observed major axis is 2a sin 60 • ∼ 2.5 × 10 17 cm. Then the semi-major axis of the orbit is estimated to be a ∼ 1.4 × 10 17 cm = 1 × 10 4 AU.
The inclination angle of the orbit would be i ∼ 0
• because of the elongated feature with a narrow width of the orbiting ionized gas shown in Figure 4a . By the comparison between the observed shape in the position velocity diagram and the calculated Keplerian orbits, the eccentricity of the orbit is estimated to be e ∼ 0.97.
The Enclosed Mass of IRS13E3
The presence of an IMBH in the IRS13E complex is strongly supported by a large enclosed mass of IRS13E3. In the case of nearly edge-on view, the velocity width of the Keplerian orbit is estimated by ∆V ∼ 1 + e 1 − e + 1 − e 1 + e GM a .
Then the enclosed mass is estimated to be M ∼ a∆V 
